Objective: Clinicians have been slow to adopt digital impression technologies due possibly to perceived technique sensitivities involved in data acquisition. This research has two aims: determine whether scan pattern and sequence affects the accuracy of the three-dimensional (3D) model created from this digital impression and to compare the 5 imaging systems with regards to their scanning accuracy for sextant impressions.
found that the majority of physical impressions were sextant dual arch impressions made with plastic trays. According to Glidewell Lab, in 2016, 85% of the restorative impressions they received were triple tray impressions, including 47% of full arch impressions. 13 This type of impression is one of the least accurate impressions techniques with flexure of the plastic tray causing distortion of the impression typically causing it to be wide buccal lingual and short mesial distal. 14 One study found that when impression material was used in a plastic dual arch tray, gypsum dies were nearly 30 lm smaller in the mesio-distal dimension compared with other techniques. 15 Based on this evidence, we can conclude that ease of use is the most important factor that clinicians consider when picking an impression technique.
One potential reason clinicians remain reluctant to adopt digital impressions for a single unit crown, seemingly the simplest impression workflow, is the perceived technique sensitivity involved in the process. It may be overwhelming for clinicians to remember each complicated scan pattern recommended by manufactures of the digital impression systems. However, there are measured correlations between scan pattern and accuracy. For full-arch scans, the scan pattern has a significant effect on trueness and precision, and certain scan patterns may affect the fit of appliances made with those digital models. 16 For full-arch digital impressions, even small levels of inaccuracy can lead to ill-fitting appliances. However, no evidence in the literature exists, showing whether scan pattern has an effect on accuracy of sextant scans. Therefore, scan patterns that may overwhelm new or potential users may be completely unnecessary in these scanning scenarios. In addition, concerns for accuracy may influence the patterns adopted by existing users, regardless of evidence to support their strategy. Thus, the aim of this in-vitro study was to determine if scan pattern affects the accuracy of the resulting digital model when scanning sextants, the typical scan size for single unit crowns; and/or whether or not there are differences between existing scanning system platforms, with regards to accuracy. The null hypothesis was that no differences in the accuracy would occur between any of the five scan patterns for any of the six scanners tested.
Per ISO standard 5725-1, the accuracy of a measurement method consists of a combination of trueness and precision. 17 Trueness is defined as deviation from the actual dimensions of a measured object.
In this case, trueness is how close the virtual models created using each scanner compared with the master model. A "true" scanner produces a model that is very close to the dimensions of the object scanned. Precision is defined as how close measurements are to each other for the same measuring device, or whether scanners are able to create reproducible models. All six scanners were evaluated for accuracy by measuring their trueness and precision when utilizing five different scanning patterns. To determine scanner precision, a repeated measures generalized linear model was used with precision as the outcome and scanner in the model. A random intercept was in the model to account for replicates.
Post hoc pairwise comparisons were looked at with a Scheffe adjustment.
| R ESU L TS
Scan pattern did not affect the trueness or precision of any of the six scanners tested except for the CO where SP2 was significantly better than SP3 (P 5 .0360). For all other impression systems, the scan pattern did not affect trueness or precision (Table 1) .
Summary statistics for trueness and precision are listed in Tables 2   and 3 , respectively, and categorized based on mean, median, standard deviation, minimum and maximum, and ranking.
The rankings for trueness, from most true to least for sextant scans are as follows: PS > PE > TD > IE > 3S > CO. Statistical differences are highlighted in Table 2 . The rankings for precision, from most precise to least for sextant scans are as follows: 3S > TD > IE > PE > PS > CO. Statistical differences are highlighted in Table 2 .
| DI SCUS SION
The aim of this in-vitro study was to determine what impact scan sequence and pathway had on the trueness and precision of digital models created from these impression techniques. Basic principles of dentistry dictate that dental prostheses are only as accurate and wellfitting as the model off of which they were fabricated. This is true despite whether a traditional impression or digital impression was used to capture the form of the dentition and surrounding support structure.
Therefore, it is paramount to determine how variations in impression technique, in this case scan pattern, might affect the overall accuracy of the model.
The null hypothesis was in part rejected in this case. For sextant scanning, only one statistically significant variant was found for one of the six scanners in which a difference in scan pattern affected accuracy. This is important because it verifies that scan pattern or sequence will not affect the trueness and precision of the subsequently generated model with this one exception. SP3 was found to be the significantly less accurate than SP2 when using the CO.
This study examined five distinct scan patterns using six commonly used digital impression systems to determine their impact on accuracy of the digital model created. It is important to note that several studies have been done on these scanners in the past looking at the accuracy of the impressions. 16, 19, 21 While the hardware that is examined, that is the scanner itself, is essentially the same across these studies, the software algorithms that enable stitching of the separate images into a 3D | 117
